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(54) Ionic purifier 

(57) Provided are ionic purifiers and methods that 
are suitable for providing an ultra- high -purity chemical 
to a semiconductor manufacturing process. The ionic 
purifiers include a vapor inlet introducing a chemical va- 
por to be purified into a column. A high-purity water inlet 
continuously introduces high-purity water into the col- 
umn. The high-purity water contacts the chemical vapor 



to be purified, thereby forming a purified chemical vapor 
and contaminated water. A vapor outlet removes the pu- 
rified chemical vapor from the column. A liquid outlet re- 
moves the contaminated water from the column. The in- 
vention has particular applicability in the semiconductor 
manufacturing industry. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to novel ionic purifiers and methods suitable for providing an ultra-high-purity 
chemical. The ionic purifiers and methods according to this invention have particular applicability to the semiconductor 
manufacturing industry. 

2. Description of the Related Art 

[0002] In the semiconductor manufacturing industry, a major concern at every stage in the manufacturing process 
is contamination. Control of contamination is critical to product quality, and an extremely high level of cleanliness and 
purity in the manufacturing environment is required to obtain acceptable product yield while maintaining profitability. 
Accordingly, a large fraction of the steps in modern integrated circuit (IC) manufacturing are dedicated to the cleaning 
of the sem.conductor wafers being treated. Such cleanup steps are implemented to remove, for example, organic 
contaminants, metallic contaminants, photoresist (or inorganic residues thereof), byproducts of etching, native oxides 
etc. " ' ' 

[0003] A significant source of wafer contamination is impurities in the process chemicals. Because cleanup steps 
are frequently performed in the manufacturing process and are necessary to maintain product quality contamination 
due to cleanup chemistry is very undesirable. Certain chemicals present particular difficulties because they can contain 
both solid and volatile impurities which can be damaging to electronic components if present during the manufacturing 
process. Such chemicals can include, for example, ammonia, hydrogen chloride and hydrogen fluoride. The purity 
levels and compositions of the process chemicals can vary widely, depending on the source as well as the handling 
method. It is beneficial to reduce the amount of the impurities before the process chemicals are used in modem elec- 
tronic component production lines. 

[0004] The high cost and lack of flexibility of current methods for obtaining ultra-high-purity process chemicals con- 
tribute considerably to the overall cost of manufacture. Ultra-high-purity process chemicals are typically prepared using 
distillation processes. However, distillation processes can be impractical due to the cost and process control issues 
related to such processes. 

[0005] As an alternative to distillation, process chemicals can be purchased from the limited sources which are able 
to supply them at an acceptable grade. However, ultra-high-purity process chemicals are generally expensive and 
typically can only be purchased from a limited number of qualified suppliers. 

The use of ionic purifiers for on-site preparation of ultra-high-purity process chemicals has been described, for example 
in U S. Patent Nos. 5,496,778; 5,722,442; 5,755,934; 5,785,820; 5,846,386; and 5,846,387, the entire contents of 
which patents are incorporated herein by reference. 

[0006] FIG. 1 illustrates an ionic purifier 1 00 of the related art. The ionic purifier 1 00 includes a vapor inlet 1 04 which 
receives a chemical vapor to be purified and directs the vapor into a column 1 02. A vapor outlet 1 1 4 removes a purified 
chemical vapor from the column 102. A high-purity water inlet 106 introduces high-purity water into the column 102 
A recirculation system 1 08, typically including a pump 1 1 0 and a recirculation stream 112, directs liquid that is collected 
at the lower portion of the column 1 02 to the upper portion of the column 1 02. As the chemical vapor to be purified 
ascends inside the column 1 02, the descending recirculated liquid countercurrently contacts the vapor, thereby hydro- 
lyzing impurities present therein. The liquid collects at the lower portion of the column 1 02 and is recirculated to the 
upper portion of the column 102 for further removal of impurities. A heat exchanger 116 can be used to bring the 
recirculated liquid to a desired temperature. The ionic purifier 100 can also include a mist removal section 118 
[0007] While use of the ionic purifier 1 00 removes some impurities from the chemical vapor to be purified it typically 
does not ensure the removal of species of impurities which have appreciable vapor pressures within the column 1 02 
Most spec.es of impurities are ionized in the aqueous phase and have a negligible vapor pressure above the liquid 
collected at the lower portion of the column 102, and thus typically do not enter into the vapor outlet 114 However, 
spec.es with appreciable vapor pressures can be in equilibrium with the purified chemical vapor at the upper portion 
of the column 102 and can enter into the vapor outlet 11 4 with the product vapor. 

[0008] The foregoing description of the related art demonstrates the need for provision of ultra-high-purity chemicals 
suitable for use in a semiconductor manufacturing process. To meet these requirements and to overcome the disad- 
vantages of the related art, it is an object of the present invention to provide novel ionic purifiers suitable for providing 
an ultra-high-punty chemical to a semiconductor manufacturing process. It is a further object of the invention to provide 
novel methods suitable for providing an ultra-high-purity chemical to a semiconductor manufacturing process The 
ionic punfiers and methods in accordance with the invention can advantageously be employed on-site at a semicon- 
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ductor manufacturing facility. 

[0009] Through the ionic purifiers and methods of the present invention, chemicals can be purified while minimizing 
or avoiding disadvantages associated with the related art resulting from recirculation of an impure liquid from the lower 
portion of the purifier to the upper portion thereof. 

[0010] Other objects and aspects of the present invention will become apparent to one of ordinary skill in the art on 
a review of the specification, drawings and claims appended hereto. 

SUMMARY OF THE INVENTION 

[0011] The foregoing objectives are met by the ionic purifiers and methods of the present invention. According to a 
first aspect of the present invention, an ionic purifier is provided, suitable for providing an ultra-high-purity chemical to 
a semiconductor manufacturing process. The ionic purifier comprises: 

(a) a vapor inlet for introducing a chemical vapor to be purified into a column; 

(b) a high-purity water inlet for continuously introducing high-purity water into the column, wherein the high-purity 
water contacts the chemical vaporto be purified, thereby forming a purified chemical vapor and contaminated water; 

(c) a vapor outlet for removing the purified chemical vapor from the column; and 

(d) a liquid outlet for removing the contaminated water from the column. 

[0012] In accordance with a further aspect of the present invention, a method is provided, suitable for providing an 
ultra-high-purity chemical to a semiconductor manufacturing process. The method comprises the steps of: 

(a) introducing a chemical vapor to be purified into a column; 

(b) continuously introducing high-purity water into the column; 

(c) contacting the chemical vapor to be purified with the high-purity water, thereby forming a purified chemical 
vapor and contaminated water; 

(d) removing the purified chemical vapor from the column; and 

(e) removing the contaminated water from the column. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Other objects and advantages of the Invention will become apparent from the following detailed description 
of the preferred embodiments thereof in connection with the accompanying drawings, in which like features are des- 
ignated by like reference numerals, and in which: 

FIG. 1 illustrates an ionic purifier of the related art; 

FIG. 2 illustrates an exemplary ionic purifier for providing a purified chemical, in accordance with the present 
invention; and 

FIG. 3 illustrates an exemplary apparatus for providing a purified chemical, in accordance with the present inven- 
tion. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION 

[0014] The purified chemical vapor and liquid chemical formed with the ionic purifiers and methods in accordance 
with the invention are typically of ultra-high -purity. As used herein, the term "ultra-high -purity" includes purity levels of 
less than about 1 00 ppt. Preferably, the purified chemical vapor provided by the present ionic purifiers can include less 
than about 10 ppt impurities. 

[0015] Chemicals which can be purified using the ionic purifier include, but are not limited to, ammonia (NH 3 ), hy- 
drogen chloride (HCI), hydrogen fluoride (HF), hydrogen bromide (HBr), hydrogen iodide (HI) and carbon dioxide (C0 2 ). 
For ultra-high-purity chemical production, the chemical vapor to be purified which is introduced into the ionic purifier 
preferably includes less than about 1 ppm impurities. 

[0016] The invention will now be described with reference to FIG. 2, which illustrates an ionic purifier 200 in accord- 
ance with an exemplary aspect of the present invention. The ionic purifier 200 includes a column 202 in which a chemical 
vapor is purified. A vapor inlet 204 introduces a chemical vapor to be purified, such as one of the chemicals set forth 
above, into the column 202, preferably continuously. A flow control device 205, such as a mass flow controller, and a 
valve V1 can be disposed upstream from the vapor inlet 204 to adjust the flow rate of the chemical vapor to be purified 
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El r 6 :r P ;r duced into and distributed wi,hin the — 202 - * 

thechem.cal vaporto be purified is preferably uniformly distributed across the cross-section of thecolumn 202 Various 
distributing devices can be used to maximize the uniform distribution of the chemical vapor to be purified For example 
the vapor inlet 204 can include a homogenizer (not shown). The column 202 preferably has a constant d ieter to 
maximize the uniformity of the flow of the chemica. vapor. The vapor inlet 204 preferably imSLLs 7e chemSl 

iSmTST * C ° 7" ? 2 31 3 P ° int be ' 0W an ° pti0nal paCked Section 21 4 dis P° se d inside the ooTuZ 202 

9 T?* Wat6r ' n,et 206 intr ° dUCes hi 9 h -P uri ty water into the column 202, preferably continuously Typi- 
cally, the water that ,s used is deionized water. The high-purity water is typically produced at an on sfte cenUzed 
production unit which can aiso serve other processes requiring high-purity water A flow co tro, device 20 ' can be 

2C? The Z T o!?"^^ ^ in ' et 206 10 adjUSt the flow rate of the ^-P""* ^ter into th column 

modJ^ith T l T e 207 Ca " inC ' Ude ' f ° r eXamp ' 6 ' 3 ^ Uid mass flow controller a metering pump in fixed Z 

2n J7 f f COntr °" er ' 9 f ' 0W meter and a servo contro1 val ^ an ° a fixed orifice. A valve V2 can also be 
disposed upstream from the high-purity water inlet 206. 

[0019] The high-purity water is preferably introduced into and distributed within the column 202 in a manner which 
s^noTtSZ; 

wSr For examlr \ * TT d ' St " bUtin 9 devices can be ^ '° ensure uniform distribution of the high-purity 
dSributor J » ' /-r e K ^ P ' Pe d ' StribUt0r ' orifice - t VP« dfetributor, trough-type distributor and/or a weir riser 
distributor can be used. The column 202 preferably has a constant diameter to maximize the uniformity of the flow of 

[0020] The flow of high-purity water contacts the chemical vapor to be purified in the column 202 typically in a 

vni C r^"T ner '7 Ur f Ti Whi ° h ^ PreSem " the Chemical Vapor t0 be P urified and a Portion o 7e chemical 
vapor .tself typically are dissolved in the high-purity water. A purified chemical vapor and contaminated water which 
includes the impurities from the vapor are thus produced. comaminaiea water which 

[0021] A suitable amount of high-purity water should be introduced into the column 202 to maximize the efficient 

sc2nS: r i 00F T examp n' 'r^'" 9 an insufficient amount ° f w-^™™< rCJZ 

.ncomplete pur.ficat.on of the chem.cal vapor. On the other hand, introducing an excessive amount of high-purity water 
~ large amount of chemical vapor to dissolve into the high-purity water, thereby resulting in a ZpZTss 

Kn lou P ^ d em t b0d ? ent 0f , the PreS6nt inVention ' the hi 9 h "P urit V water can be introduced imo the colmn 2^2 
in an amount effective to saturate the vapor stream exiting the vapor outlet 208 

th™t a m VaP ,°H 0Ut 'f t2 , 08 removesthe P urifi edchemicalvaporfromthecolumn202.whilealiquidoutlet210removes 
SumS T* T r ? T C ° ,Umn 202 ' T ° mi0imfee the c ^ammation of the chemical vapor introduced^* 
I**?! contaminated water removed from the column 202 is preferably not reintroduced into the column 202 

wa e^sp^ 

wdier, respectively, can be removed from the column 202. 

[0023] A vapor source provides the chemical vapor to be purified to the vapor inlet 204 of the ionic purifier 200 The 

S^TtS" C ° nneCted 10 reC6iVe 8 ChGmiCal in Hquid phase and t0 P rovide a «°w of ctZZ vapor £m *e 
S0 . a d TnH^iohT r 9 V f P ° r th ' S mann6r fr ° m thS Vap ° r S0UrCe se(ves as a Single-stage distillaL leTv ng 

soHd and h,gh-bo, ng impunt.es behind in the liquid phase. For example, impurities that can be removed from Je 
chemical vapor include metals of Groups I and II of the Periodic Table, and/or aminated and complexed forms of Zlsl 
o^ JZT" C t ° nta ^ With thC ChemiCaL ^ sin 9 le - sta 9* cistillation can a.so remove the'Sn^a tenafs 
and oxides ?hlnf J 686 meta ' S: hydrideS ' SUCh 33 bery " ium hydride and ^gnesium hydride; Group I, letements 
TcZ i ?! ' r" 38 ammonium adducte ° f "Vdrices and halides of these elements; transition metal hydrides 
and/or heavy hydrocarbons and halocarbons such as pump oil nyanaes, 

can be used as the vapor source. The vapor source can be maintained at atmospheric pressure or above atmospheric 

[0025] The column 202 provides an enclosure in which the chemical vapor to be purified contacts the hiah-ouritv 
cln be used A? SUitab ', e f0r o C ° ntainina the "P— ch *™a, "por to be purified under desire^ocess co'ndC 
SSSi a JT" SeCt ' 0n 212 ° f thS C0 ' Umn 202 collects liauid lending the column 202 

ShS f P8 f S6Ct,0n 214 Can be disposed inside the co,umn 202 10 lncr 8ase liquid-vapor contact by providina 
2^ andblwtShiT inS n e C ,°'r n 202 ' ThS PaCkSd SeCti0n 214 is P^ablydis P ose P d abovlfhevapor S 
Hasch.g and/or Pall nngs. The packing material is made of a material which is suitable for use with the chemical to be 
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purified. For example, packing material formed of TEFLON, polypropylene and/or quartz can be used for ammonia 
purification; Teflon, PVDF and/or quartz can be used for hydrogen chloride purification; and teflon and/or PVDF can 
be used for hydrogen fluoride purification. Other materials known to those skilled in the art can also be employed. 
Plastic materials are preferred because they typically can be shaped into packing material having an efficient design. 

s [0027] The column 202 can optionally Include a mist removal section 216 disposed above the packed section 214. 
The mist removal section 216 preferably includes packing material that can be the same material used in the packed 
section 214 of the column 202. According to this exemplary embodiment, the purified chemical vapor passes through 
the mist removal section 216 prior to exiting the column 202 via the vapor outlet 208. The mist removal section 216 
collects liquid droplets entrained in the chemical vapor and reduces the amount of liquid which exits the vapor outlet 

10 208. Liquid that is collected in the mist removal section 21 6 can be directed to the lower section 21 2 of the column 202 
and/or purged from the column 202. 

[0028] The vapor outlet 208 removes the purified chemical vapor from the column 202, preferably at a point in the 
column 202 above the packed section 214 and the high-purity water inlet 206, more preferably from the top of the 
column 202. The purified chemical vapor is preferably removed continuously from the column 202, and the removed 

15 vapor can be divided into two or more streams. The purified vapor streams can then be sent to one or more use stations 
such as, for example, to one or more chemical vapor deposition (CVD) or etching systems. Additionally or alternatively, 
one or more of the vapor streams can be used to form liquid chemicals for use in wet treatment stations. 
[0029] The liquid outlet 210 removes the contaminated water from the column 202, preferably from the bottom of 
the column 202. The contaminated water typically contains dissolved impurities and dissolved chemical from the chem- 

20 ical vapor to be purified. The contaminated water typically collects at the lower section 21 2 of the column 202 before 
subsequently being removed. In an alternative embodiment, the contaminated water is immediately removed from the 
column 202. The contaminated water is preferably not reintroduced into the column 202. In this embodiment, the 
absence of contaminated water recirculating from the lower section 21 2 of the column 202 to the upper section of the 
column 202 conspicuously ameliorates or prevents the introduction of impurities into the upper section of the column 

25 202. The liquid outlet 21 0 preferably removes the contaminated water continuously, but can remove the flow on a batch 
basis in an alternative embodiment. As discussed above, the liquid collected in the optional mist removal section 216 
can be removed from the column 202 via the liquid outlet 210. 

[0030] The flow rate of the chemical to be purified and the high-purity water will depend on various process variables 
including, for example, the dimensions of the vapor inlet 204, high-purity water inlet 206 and column 202. The operating 

30 temperature and pressure of the column 202 can also affect the flow rates. 

[0031] The ionic purifier 200 can be used in conjunction with additional units to provide chemicals suitable for use 
in various processes. For example, a distillation column can be connected to receive the purified chemical vapor from 
the ionic purifier 200 for further purification. If a gaseous product is desired, a drying unit can be connected to receive 
and dry the purified chemical vapor. Alternatively, if a liquid product is desired, a generator unit can be connected to 

35 receive the purified chemical vapor. The generator unit typically combines the chemical vapor with a liquid to produce 
an aqueous solution comprising the purified chemical. For on-site use of the purified chemical, piping connections can 
be used to route the gaseous or liquid purified chemical to at least one point of use in the semiconductor device 
fabrication facility. 

[0032] In addition, prior to being fed into the ionic purifier 200, the chemical vapor to be purified can optionally be 

40 passed through a particulate filtration unit to remove any solid matter entrained with the vapor. 

[0033] Microfiltration and ultrafiltration units and membranes are commercially available and can be used. The size 
of the filter can typically be selected according to the size and type of particulate matter to be removed from the vapor. 
[0034] FIG. 3 illustrates an exemplary apparatus 300 for providing a purified chemical. This apparatus 300 includes 
a storage tank 302 or other container which contains a liquid chemical to be purified. Vapor is drawn from the storage 

45 tank 302 and is introduced into the ionic purifier 200. The purified vapor exiting the purifier 200 can be directed to: (1 ) 
a distillation column 304 where the purified vapor is further purified; (2) a generator 306 where the purified vapor is 
combined with deionlzed water to form an aqueous solution; and/or (3) a transfer line 308 which carries the purified 
vapor to a point of use. Valves V1 , V2, V3, V4, V5, V6, V7 and V8 can control the flows within the apparatus 300. 
[0035] The high-purity water used in the ionic purifier 200 is preferably deionized water. The water can be purified 

50 in accordance with semiconductor manufacturing standards which are well known among those skilled in the art. Meth- 
ods of purifying water in accordance with these standards typically include, for example, ion exchange and reverse 
osmosis. Ion exchange methods typically include: chemical treatment such as chlorination to kill organisms; sand 
filtration for particle removal; activated charcoal filtration to remove chlorine and traces of organic matter; diatomaceous 
earth filtration; anion exchange to remove strongly ionized acids; mixed bed purification containing both cation and 

55 anion exchange resins to remove further ions; sterilization, involving chlorination or ultraviolet light; and filtration through 
a filter of 0.45 micron or less. 

[0036] Reverse osmosis methods typically include, for example, the passage of the water under pressure through 
a selectively permeable membrane which is impermeable to many of the dissolved or suspended substances. Typical 
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than about 1 50/cm3 and a particle size of less than 2 mi™ PP a P^iculate content of less 

and/or a tota. organic carbo'n content of tnan 100 ppb ' miCr °° rganiSm COntent ° f tess than about 1 0/c m 3; 

bXl^^ 

water sufficient to saturate the product Sam JS Z^n! * T t0 ^ hSat ° f va P° rizatio " «* the amount of 
stream to specified lever ' P anyadd,tl0nalheatS ^^^ 

can be accomplished through use o fa heat ^22^5^^,^"°,^ ^ inC ° ming and/ ° r ° Utgoin 9 flows 
[0039] in the ionic purifiers and methods o^ the IZZZE^ZSt' '^T and/or * cket haa ' exchanges, 
tration and hence the flow rates can be achieved h ' gh degree of control over the P«*uct concen- 

tation. A convenient means of achievTnglh is fe bv us^ ? ™* """"V ^ 6qUipment and inst ™ e "- 

parent to those skilled in the art. * 9 ° USt, ° Ve '° Clty S6nsing - ° ther methods wi » be readily a P - 

EXAMPLES 



Example 1 : NH 3 Purification 

^o^T^Z^^t:^^^ iS ° thermal 81 25 ° C - The P Uriflad NH 3 output 

saturate the output «r^ T?e Da^ D^ur^w ; T ^ C ° ,Umn is imme diately evaporated to 

atm. representing 2% oZe^ai Tssu rl rZ lZ^T * ^ * 25 ° C is a PP™™tely 0.04 

of H 2 Q for a totafoutput of 61 2 S 60 ° f NH 3 also c °"tains 1 .2 g/min 

ri,^r;irnS 

stream. The input and output streams a Sc 7e heaTeTol'fZS 

is equal to the heat taken to vaporize the water int«th« ft !f -J NHa dlssolv,n 9 int0 the high-purity water 
2400 J/g. Thus the heat r^uEd^SS 2 tofT^TLtZ^LT °l T ^ ° f ^ * 25 ° C iS 
a 35% solution is approximate* 1 900 J/g. The ef ore 7s a of Si is f by diSS ° Mng 1 9 ° f NH 3 into 

is transported to the bottom of the column and i ZZl* r£ L 3 d,ssolved to P roduce the required 2880 J, which 
of the product outlet stream ISSS^SS^Z *£T£? "* * Xampl<> * 98% - ™ e ^ ,evel 
P'—compc.*^ 



TABLE 1 




Ke^ 

made accordingly. a t™spnere can be determ.ned emp.ncally, and adjustments to the flow rates can be 

Example 2 : HF Purification 



6 



EP1 180 497 A1 



10 



15 



20 



25 



the output stream. The partial pressure of water above a 63% aqueous solution at 353 K is approximately 2% by wt. 
Thus an output stream containing 1 g/s of HF also contains 0.02 g/s of H 2 0 for a total output of 1 .02 g/s. 
[0044] The amounts of heat gained and lost by the ionic purifier should be balanced for the ionic purifier to operate 
under adiabatic conditions. The heat gained by the ionic purifier is the heat evolved by the hydrolysis of HF into the 
aqueous phase. The heat lost by the ionic purifier is the heat of vaporization of an amount of water necessary to saturate 
the output stream, and the heat required to raise the temperature of the output gaseous streams (HF and H s O) and 
the outlet liquid stream (aqueous HF) to 80-sC. The purity level of the product outlet stream typically is less than about 
1 00 ppt, preferably less than about 1 0 ppt impurities. Table 2 presents the compositions, temperatures and phases of 
each input and output stream of the ionic purifier. 

TABLE 2 





HF input stream 


Dl input stream 


Purge outlet stream 


Product outlet stream 


Mass Flow Rate HF, g/min 


64.02 


0 


4.02 


60.00 


Mass Flow Rate H 2 0, g/min 


0 


2.94 


1.74 


1.20 


Total Mass Fl Rate, g/min 


64.02 


2.94 


5.76 


61.20 


Assay, Wt.%HF 


100.00 


0 


69.79 


98.04 


Temperature, °C 


25 


25 


80 


80 


Phase 


Vapor 


r Liquid 


Liquid 


Vapor 



[0045] The heat gained is equal to the heat lost in adiabatic processes. In this example, the heat evolved by the 
dissolution of HF into the aqueous phase is equal to the heat required to vaporize water into the output stream, plus 
the heat necessary to raise the temperature of the purified water, HF vapor, and the outlet liquid to the specified tem- 
peratures. 



Example 3 : HCI Purification (30°C outlet temperature) 



30 



[0046] The ionic purifier according to the present invention is operated under adiabatic conditions to purify an HCI 
vapor input stream. The purity level of the product outlet stream typically is less than about 100 ppt, preferably less 
than about 10 ppt impurities. Table 3 presents the compositions, temperatures and phases of each input and output 
stream of the ionic purifier. 
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TABLE 3 





HCI input stream 


Dl input stream 


Purge outlet stream 


Product outlet stream 


Mass Flow Rate HCI, g/min 


91.39 


0 


7.48 


83.91 


Mass Flow Rate H 2 O f g/min 


0 


11.52 


11.22 


0.3 


Total Mass Fl Rate, g/min 


91.39 


11.52 


18.69 


84.22 


Assay, Wt.% HCI 


100.00 


0 


40.00 


99.64 


Temperature, °C 


20 


20 


30 


30 


Phase 


Vapor 


Liquid 


Liquid 


Vapor 



Example 4 : HCI Purification (65°C outlet temperature) 



so 



[0047] The ionic purifier according to the present invention is operated under adiabatic conditions to purify an HCI 
vapor input stream. The purity level of the product outlet stream typically is less than about 100 ppt, preferably less 
than about 10 ppt Impurities. Table 4 presents the compositions, temperatures, and phases of each input and output 
stream of the ionic purifier. 
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TABLE 4 





HCI input stream 


Dl input stream 


Purge outlet stream 


Product outlet stream 


Mass Flow Rate HCI, g/min 


91.39 


0 


7.48 


83.91 
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TABLE 4 (continued) 





HCI input stream 


ui input otream 


Purge outlet stream 


~~ z — .1 
Product outlet stream | 


| Mass Flow Rate H 2 0, g/min 


0 


18.07 


14.84 


3.23 ]| 


j Total Mass Fl Rate, g/min 


91.39 


18.07 


22.32 


87.14 jj 


| Assay, Wt.% HCI 


100.00 


0 


33.50 


96.30 ~ 


| Temperature, °C 


20 


20 


65 


65 


| Phase 


Vapor 


Liquid 


Liquid 


Vapor 



S^SSp^s UfaCtUrin9 m6th0dS h3Ve ^ ad ° Pted ' SUCh aS h ^ -gnetictr Z 
^LJU r Sen - i0nic P un,iera and methods be used forthe on-site production of ultra-high-purity chemicals 
ZTX^Z^T" ? 3daPted t0 ° Perate 35 p3rt ° f 3 —during unit to produced a-h g hTuS 
™Z2 nt > , However ' sh, PP in 9 the ultra-high-purity chemicals typically does not provide some of the at 
S as dtusled EET" T" a ^ Cati ° nS Ca " enC ° Unter the -h-ent risJof handling^ rtra high pu^ty che^- 
f a ShTn^rS. " PaCk39ed Ch6miCalS ^ thS Present inventi0 " « ^ 'east provides LayTo 

aSntr!L th trH nti ^ haS b9en deSCrib6d d6tail With reference 10 s P ecific embodiments thereof it will be 
SK^^^^~"«- - — - - — ~ emp,oy£ 



Claims 



1 " cTmpnsU- r,fier SUitab ' e Pr ° Vidin9 an Uttra - hi9h -P Urit y chemical t0 a semiconductor manufacturing process. 

(a) a vapor inlet for introducing a chemical vapor to be purified into a column- 

(b) a high-purity water inlet for continuously introducing high-purity water into the column wherein the hiah 

!2 3 r P °, r ° Ut . let f ° r removina - the P urifi ed chemical vapor from the column; and 
(d) a liquid outlet for removing the contaminated water from the column. 

2. The ionic purifier according to claim 1 , wherein packing material is disposed inside the column. 

3 - ^^Xissi r;^czT vapor in,et introduces the chemicai vap - * - p— - 

5 " p T irified n fnt P ot^^ t0 C ' aim 1 ' Wher6in VaP ° r in,6t ^e chemical vapor to be 

6 ' JUl!*- PU , rmer aCC °u rding t0 ° laim 1 ' Wherein a va P° r strearn comprising the purified chemical vapor is removed 

7 ' t^cl™"^^ 
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8. The ionic purifier according to claim 1 , wherein the chemical vapor to be purified comprises a chemical selected 
from the group consisting of ammonia, hydrogen chloride, hydrogen fluoride, hydrogen bromide, hydrogen iodide 
and carbon dioxide. 

9. The ionic purifier according to claim 1 , wherein the ionic purifier is operated adiabatically. 

10. The ionic purifier according to claim 1 , wherein the ionic purifier is operated isothermally. 

11. The ionic purifier according to claim 1, wherein the chemical to be purified is heated or cooled. 

12. The ionic purifier according to claim 1 , wherein the high-purity water is heated or cooled. 

1 3. The ionic purifier according to claim 1 , wherein the contaminated water removed from the column is not reintroduced 
into the column. 

14. The ionic purifier according to claim 1 , wherein a storage tank provides the chemical vapor to be purified to the 
vapor inlet. 

15. The ionic purifier according to claim 14, wherein the storage tank contains an aqueous solution comprising the 
20 chemical of the chemical vapor to be purified, and wherein the chemical vapor to be purified is drawn from the 

headspace of the storage tank. 

1 6. The ionic purifier according to claim 1 , wherein a generator unit receives the purified chemical vapor and combines 
the purified chemical vapor with a liquid to produce an ultra-high -purity chemical solution. 

25 

17. The ionic purifier according to claim 1 , wherein a filter removes particulate matter from the chemical vapor to be 
purified. 

18. The ionic purifier according to claim 1 , wherein a distillation column receives the purified chemical vapor. 

19. A method suitable for providing an ultra-high -purity chemical to a semiconductor manufacturing process, compris- 
ing the steps of: 

(a) introducing a chemical vapor to be purified into a column; 
35 (b) continuously introducing high-purity water into the column; 

(c) contacting the chemical vaporto be purified with the high-purity water, thereby forming a purified chemical 
vapor and contaminated water, 

(d) removing the purified chemical vapor from the column; and 

(e) removing the contaminated water from the column. 

40 

20. The method according to claim 1 9, wherein packing material is disposed inside the column. 

21. The method according to claim 20, wherein the chemical vaporto be purified is introduced into the column at a 
point below the packing material. 

45 

22. The method according to claim 20, wherein the high-purity water is continuously introduced into the column at a 
point above the packing material. 

23. The method according to claim 19, wherein the chemical vaporto be purified is continuously introduced into the 
50 column. 

24. The method according to claim 19, wherein a vapor stream comprising the purified chemical vapor is removed 
from the column, and wherein the high-purity water is continuously introduced in an amount effective to saturate 
the vapor stream. 



30 



55 



25. The method according to claim 1 9, wherein the contaminated water is continuously removed from the column. 

26. The method according to claim 1 9, wherein the chemical vapor to be purified comprises a chemical selected from 
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^b 9 ordioxide iStin9 ° f amm ° nia ' hydr ° gen Chl0ride ' hydr °9 en f,uoride ' Mrogen bromide, hydrogen iodide and 
^ 27. The method according to claim 1 9, wherein the ionic purifier is operated adiabatically. 

28. The method according to claim 1 9, wherein the ionic purifier is operated isothermally. 

29. The method according to claim 1 9, wherein the chemical to be purified is heated or cooled. 
io 30. The method according to claim 1 9, wherein the high-purity water is heated or cooled. 

31 " Jnto thec^lumn 00 ^'" 9 * ' 9 ' Wherei " ^ Contaminated water removed from the column is not reintroduced 
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